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(57) Abstract 

For inhibiting the expression of a gene or a group of homologous genes present in the genome of an organism, a nucleotide sequence 
is introduced in the organism, which nucleotide sequence has the configuration A - interrupt - B. A and B ( which may be the same or 
different, are selected from the group consisting of the gene to be inhibited or one of the homologous genes, any part thereof comprising at 
least 30 bp, and any homologue thereof. 'Interrupt " is a random nucleotide sequence which may comprise any nucleotide sequence, e.g. 
a gene or a selection marker. The transcription directions of A and B may be the same or opposite. 
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A process for inhibiting expression of genes. 

This invention relates to a process for inhibiting expression 
of a gene or a group of homologous genes present in the genome 
of an organism. 

Whereas it is known that gene expression can be affected by 
5 antisense strategies (see Bourque, 1995) , or reintroduction of 
the sequence of interest (sense strategies, see Kooter & Mol, 
1993) , the efficiency of these approaches is low. There is a 
need for a method that can reduce gene expression more 
efficiently and reliably . 

10 Stam et al . , 1997, describe the analysis of silenced Petunia 
plants transformed with promoterless chalcone synthase 
constructs. Whereas it was demonstrated that a chance 
occurrence of inverted repeat structures can be correlated 
with gene silencing, this demonstration does not imply a 

15 causal relationship between the inverted repeat configuration 
and the silencing. 

The present invention provides a process for inhibiting 
expression of a gene or a group of homologous genes present in 
the genome of an organism, the process comprising introducing 
2 0 in said organism a nucleotide sequence having the following 
configuration : 

A - interrupt - B 

wherein A and B, which may be the same or different, are 
selected from the group consisting of said gene or one of said 
25 homologous genes, any part thereof comprising at least 3 0 bp, 
and any homologue thereof, 

"interrupt" is a random nucleotide sequence, and 

the transcription directions of A and B may be the same or 
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opposite . 

The present invention also relates to nucleotide sequences 
useful in the method, and to vectors comprising said 
nucleotide sequences. 

A key advantage of the present invention is the efficiency by 
which inhibition of gene expression in transgenic organisms is 
obtained. The method of the present invention affects gene 
expression more efficiently and reliably when compared to 
known methods, of affecting gene expression. With respect to 
this advantage of the present invention, the efficiency of the 
method of the present invention obviates the need for 
generating and analyzing large numbers of organisms for the 
intended reduction in gene expression. 

The present method is essentially different and not in any way 
related to methods of gene silencing using homologous 
recombination (Morton and Hooykaas, 1995) . Even in biological 
systems in which efficient homologous recombination exists, 
the invention presents a novel approach to effectively inhibit 
gene expression. 

Definitions 

The term "nucleotide sequence" in relation to the present 
invention includes DNA and RNA. Preferably it means DNA, more 
preferably DNA prepared by use of recombinant DNA techniques. 

The term M ... any homologue thereof" in relation to the 
nucleotide sequence of the present invention includes any 
substitution of, variation of, inversion of, modification of, 
replacement of, deletion of one or more nucleotides (nucleic 
acids) from or addition to the respective gene. In particular, 
the term "homologue" covers homology with respect to 
similarity of structure and/or similarity of function. The 
above terms also include allelic variations of the sequences. 
For example, a DNA sequence of 2 kb may be homologous in a 
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region of 100 bp and reduce gene expression in accordance with 
the present invention. Homologous in this case means 
"identical" or "similar" for at least 50%, preferably 70%, or 
more. Over the entire sequence the homology may be low. In 
general a homologue is here defined as "any nucleotide 
sequence having a similarity for at least 50%, preferably 70%, 
or more, over a sequence of 60 bp or more". 

The term "vector" includes an expression vector and a 
transformation vector. The term "expression vector" comprises 
a construct capable of expression in all in vivo or in vitro 
expression systems. The term "transformation vector" comprises 
a construct capable of being transferred from one organism to 
another. 

The term "promoter" comprises all possible enhancer sequences 
and is used in the present invention as nucleotide sequence 
that binds suitable transcription factors and RNA polymerase, 
resulting in RNA in the organism or any part thereof. The 
promoter therefore includes any conserved DNA regions, and DNA 
regions that affect the level of RNA formation, such as leader 
sequences, and any DNA regions that give rise to induction of 
RNA synthesis as result of stress, chemicals, light, 
temperature, cell, tissue or organ specificity or any other 
inducing agent, as well as any fragments, variants or 
homologues of the DNA regions providing the resultant DNA 
region gives rise to RNA production in an organism or any part 
thereof . 

The term "gene" includes normally a promoter sequence, a 
coding sequence, optionally introns and a terminator sequence. 

The nucleotide sequence to be introduced in the present 
process comprises two genes or parts thereof, A and B, 
interrupted by a random nucleotide sequence. Said 
configuration is hereinafter indicated as interrupted repeat 
configuration. The coding sequence of gene A and/or B may be 



WO 99/61632 PCT/NL99/00319 

4 

in the sense or antisense orientation relative to the 
promoter. The transcription directions of A and B may be the 
same or opposite. In a preferred embodiment the transcription 
directions of A and B are opposite. 

5 The interrupting random sequence may comprise any nucleotide 
sequence, e.g. a gene, a selection marker, a matrix-associated 
region, etc. The length of the random sequence is not 
critical. It appeared not to be possible to clone or maintain 
inverted repeats without an interrupting sequence. Apparently, 
10 such inverted repeats are not stable. Any length of the random 
sequence may be suitable providing it contributes to a stable 
maintenance of the repeat configuration; preferably the random 
sequence will be less than 10 kb. Preferably the interrupting 
nucleotide sequence will be a selectable marker gene. 

15 In a preferred embodiment the two genes or parts thereof, A 
and B, comprise a promoter attached to the coding sequence of 
a gene or both genes, either in sense or antisense 
orientation. Any promoter can be used, either the natural 
promoter of the coding sequence or a foreign promoter, which 

20 is any promoter from any gene from any other organism. The two 
promoters used for gene A and B may be the same or different. 
As foreign promoters preferably highly effective promoters are 
used, e.g. a dCaMV 3 5 promoter in case of plants. 

The two genes or parts thereof, A and B, may furthermore 
25 include any transcription enhancement or translation 
enhancement regions, as well as a transcriptional termination 
region from either the natural gene or from any other gene. 

The gene to be inhibited can be either natural or foreign to 
the organism. The gene does not necessarily code for a protein 
30 or an enzyme, but if it does, the encoded protein or enzyme 
may be non-natural to the receiving organism. 

The present process can be used to inhibit the expression of 
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genes in the genome of any organism from any taxonomical 
origin that could receive an interrupted repeat configuration 
according to the present invention. The present invention 
therefore includes mammals, including human beings, plants, 
micro-organisms, fungi and other, or any part thereof. 
Preferably, the term "plant" as used in this invention 
includes any suitable angiosperm, gymnosperm, monocotyledonous 
or dicotyledonous species or any part thereof. 

Although the examples illustrating the invention relate to the 
inhibition of gene expression in plants, it is contemplated 
that the invention can be practised in other organisms too. 

When the interrupted repeat configuration has been introduced 
in an organism, a transgenic organism has been made. 
Preferably the interrupted repeat configuration is 
incorporated in or stably added to the genome of the 
transgenic organism. 

Accordingly, the invention also relates to a transgenic 
organism or any part thereof obtained by the process of the 
invention or comprising the nucleotide sequence used in the 
process. The term "or any part thereof" includes all cells, 
tissues and organs, both within the organism during its 
complete life cycle, and all cells, tissues and organs per se, 
as well as derivatives of all cells, tissues and organs. 

The process of the invention can be used as a tool in gene 
function analysis in case of gene redundancy. A group of 
sufficiently similar or homologous target genes will be 
affected simultaneously with the introduction of one of these 
genes or homologues in an interrupted repeat configuration of 
the invention. As a result a group of gene products that are 
redundant in the organism are reduced or eliminated. The 
possibility of reducing down a group of sufficiently 
homologous target genes with a gene in an interrupted repeat 
configuration will complement prior art methods such as 
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mutation and transposon tagging in gene function search, 
"especially in case of redundant genes. 

A further aspect of the present invention relates to 
elucidating the function of genes with hitherto unknown roles. 
The present invention allows the function of a group of 
homologous or partially homologous genes which may be 
redundant or overlapping in biological function, to be 
evaluated. This particular aspect of the present invention is 
advantageous over the prior art methods which, for example, 
rely on the elimination or mutation of a single gene. 

The basic principle in the construction of a genetically 
modified or transgenic organism is to insert genetic 
information in or to add to the genome so as to obtain stable 
maintenance of the introduced genetic material. The skilled 
person will appreciate that transformation of a particular 
organism can be carried out using techniques well known in the 
art. The techniques for inserting genetic material depend on 
the particular organism and are known to experts in the field. 
For plants, this could involve the use of the Agrobacterium 
transformation methods, or all other methods suitable for 
introducing genes into plants. 

The present invention will now be illustrated by the following 
examples, which should not be construed as in any way limiting 
the invention. The examples particularly illustrate the 
process of the invention in which the transcription directions 
of A and B in the interrupted repeat configuration are 
opposite. Said configuration is indicated as interrupted 
inverted repeat, abbreviated as INTIR. In the examples the 
result of the process of the invention is also referred to as 
gene silencing. 

The examples refer to the following Figures in which 
Figure 1 shows T-DNA configurations used in these examples. 
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a, Plant vectors used for transformation of the wild type (WT) 
and ANLGA-13 tobacco. The direction of transcription of the 
respective genes is given by the shape of the box. The pHCGN 
vector originates from our attempts to clone the GUS gene as a 

5 direct inverted repeat . The plasmid contains a fortuitously 
cloned piece of unknown E. coli DNA. The striped arrows 
indicate the borders of the AgrroJbacterium T-DNA. The 
restriction enzyme fragments used for DNA blot analysis (see 
Fig. 3) are indicated with a doubleheaded arrow and the 
10 fragment identification code A or H. 

b, pLM T-DNA; tobacco ANLGA-13 used for regeneration and 
retransf ormation carries a single copy of the pLM T-DNA. The 
restriction enzyme fragments used for DNA blot analysis (see 
Fig. 3) are indicated with a doubleheaded arrow and the 

15 fragment identification code P. 

Abbreviations: 35S, single CaMV 35S promoter; d35S # doubled 
CaMV 35S promoter; GUS , ^-glucuronidase gene; GUSi, GUS with 
potato intron; HYG, hygromycin phosphotransferase gene; 
Lhca3 . St. 1, promoter from the potato (Solarium tuberosum) gene 

20 encoding a protein of the Photosystem I light harvesting 
complex; nos, nopaline synthase promoter; NPT, neomycin 
phosphotransferase gene; restriction enzymes: Asc, AscI; Asp, 
Asp718I; H, Hindlll; R, EcoRI . 

Figure 2 shows distributions of GUS activity in control, 
25 transformed and retransf ormed plant populations. 

a, Box plots of the GUS activity in the respective plant 
populations . 

Each horizontal line represents the 10th, 25th, 50th (median) , 
75th and 90th percentiles; populations are indicated on the 

3 0 top; GUS activity is given in pmol methylumbellif eron per 
minute per microgram of soluble protein. The open circles are 
the GUS activities of the individual plants not taken into 
account by making the box plot. These are the silenced plants 
in case of pPG2 retransf ormation; and the non- silenced plants 

35 in case of pINTIRA and pINTIRH transformation of wild-type 
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tobacco (activity > 60) and pINTIRA and pINTIRH 

'retransformation of ANLGA-13 tobacco (activity > 108) . 

b, Histogram of data from the pINTIRH and pINTIRA 

retransformation of tobacco ANLGA-13. The activity of the 
5 ANLGA-13 parent is given by an arrow. 

Figure 3 shows DNA blot analysis of INTIR- transformed and - 
retransf ormed plants probed with a GUS probe. 

a, Analysis of EcoRI -digested genomic plant DNA isolated from 
INTIRH and INTIRA transf ormants after transformation of wild- 

10 type tobacco. On top, the GUS activity is indicated with S for 
a silenced and with A for an active transf ormant . Both active 
transf ormants (lanes 3 and 8) have not the expected pattern of 
bands. The expected fragments Al, A2, HI and H2 (see Fig. 1) 
are indicated by arrows. Ml, M2 are control lanes with the 

15 expected fragments added to salmon sperm DNA. 

b, Asp718I+AscI -digested genomic plant DNA isolated from 
INTIRH retransformants after transformation of tobacco ANLGA- 
13. The lane labeled T on top is an INTIRH transf ormant , all 
lanes labeled A on top contain DNA from plant line that have 

20 GUS activity. The lines in lanes 5, 8 and 10 received intact 
INTIRH DNA. The expected fragments H3 and P3 are indicated by 
arrowheads. Ml contains ANGLA-13 DNA; fragment P3 represents 
the whole T-DNA of pLM plus a fragment of unknown length of 
tobacco genomic DNA. M2 contains the expected fragment H3 

25 added to salmon sperm DNA. 

c, Analysis of genomic plant DNA from INTIRA and INTIRH 
retransformants obtained after transformation of tobacco line 
ANLGA-13, showing the stable maintenance of the INTIR 
configuration in plants. The DNA was digested with EcoRI 

30 (INTIRA) or Hindi 1 1 (INTIRH) . On top, the GUS activity is 
indicated with S for a silenced and with A for an active 
retransf ormant . The expected INTIR-derived fragments Al, A2, 
HI and H2 (see Fig. 1) are indicated by arrows, as well the 
expected fragments PI and P2 from the parental LM T-DNA (see 

3 5 Fig. 1) . Ml -4 are control lanes with the expected INTIR 
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fragments added to salmon sperm DNA (Ml, M3) and to ANLGA-13 
DNA (M2, M4) . 

Figure 4 shows other T-DNA configurations used in the 
examples . 

Abbreviations as in Figure 1. In addition, GUS M , GUS mutated at 
the unique Muni restriction site, so that no active protein is 
formed; GUS\ GUS with a 1.2 kb deletion (Muni -Ml ul) , so that a 
smaller mRNA and no protein is formed. 

Figure 5 shows the cerl constructs used for the example of 
Arabidopsis transformation. 

Abbreviations as in Figure 1. In addition, CER1, the 
Arabidopsis thaliana CER1 cDNA cloned to the CER1 terminator 
sequence . 

Figure 6 shows the phenotype of an INTIR-IB5 silenced 
transf ormant . 

Detail of the stem of wild-type Arabidopsis showing an 
epicuticular wax production resulting in a glaucous 
appearance. The stem of the mutant is bright green all over 
due to the absence of a wax layer caused by the INTIR-mediated 
inhibition of cerl gene expression. 

Examples* 

The gene used in the examples consists of the doubled 
cauliflower promoter 35S promoter (dCaMV 35S) driving the 
bacterial S-glucuronidase (GUS) reporter gene. The two INTIR 
constructs used for plant transformation are given in Fig. la. 
The interrupting sequences used -were the nos promoter-driven 
hygromycin resistance gene (pINTIRH) and the non-coding 
chicken lyzozyme A element (pINTIRA) . 
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The dCaMV 3 5S promoter-GUS gene by itself (Fig. la: pHCGN) 
yields average GUS expression levels upon transformation (Fig. 
2a: trans HCGN) , whereas the single CaMV promoter-GUS fusion 
(Fig la: pPG2) results in overall low GUS activity levels (Fig 
5 2a: trans PG2) . Transformation of wild- type tobacco with 
either pINTIRH and pINTIRA resulted primarily in transgenic 
plants with GUS activities that were low or below the level of 
detection (Fig. 2a: trans INTIRH and trans INTIRA) . Gene 
silencing is therefore operational within INTIR loci # 

10 irrespective of their place of integration. DMA blot analysis 
showed the proper integration and stable maintenance of the 
INTIR configuration in plants (Fig. 3a, all lanes labeled S) . 
Few plants, 3 out of 4 2 in case of pINTIRH and 1 out of 36 in 
case of pINTIRA, showed the level of expression of the dCAMV 

15 35S promoter-GUS fusion (Fig. 2a) . Subsequent DNA blot 
analyses showed that in these cases the T-DNA transfer had 
been incomplete (examples in Fig. 3a, lanes 3 and 8) . As DNA 
transfer or integration stopped within the repeat -interrupting 
sequence, these plants effectively received a single copy of 

20 the dCAMV 35S-GUS transgene, resulting in GUS activity. 

To determine if the INTIR constructs were capable of silencing 
endogenous genes, tobacco line ANLGA-13 carrying a single GUS 
gene was chosen for retransf ormation experiments. This line is 
homozygous for a single copy of the pLM T-DNA (Fig. lb) . The 

25 Lhca3.St.l promoter-GUS gene expression in this line was 
stable and fully additive (Nap et al . , 1997) over at least 
four generations of selfing. To further substantiate the 
intrinsic stability of GUS activity in this tobacco line, 47 
regenerants were obtained by mock transformation. GUS activity 

3 0 in these regenerants was similar to the activity in the parent 
plant (Fig. 2a: regen ANLGA-13) . The homozygous GUS gene in 
tobacco line ANLGA-13 therefore behaves as a fully stable 
endogenous gene and is a suitable target for silencing by 
retransf ormation assays. 



35 In the retransf ormants of ANLGA-13 obtained after 
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ret rans format ion with vector pPG2 (Fig. la) , the expected 10% 
(4 out of 40) of plants showed a strong reduction of GUS 
activity (Fig. 2a: retrans PG2; Table 1) . In contrast, 
retransformation with either pINTIRA or pINTIRH resulted in 
much more gene silencing. The distribution of GUS activities 
in the populations of ANLGA- 13/INTIRH and ANLGA- 13 / INTIRA 
re trans formed plants is given in Fig. 2 (retrans INTIRH and 
retrans INTIRA) . Out of 36 ANLGA- 13/ INTIRH retransf ormants , 29 
(81%) showed considerable reductions in GUS activity; out of 
38 ANLGA- 13/INTIRA retransf ormants , 22 (58%) plants (Table 1) - 
GUS activity ranged from 45 to almost 0 % of the ANLGA- 13 
parental activity; on the average 6-7% residual GUS activity 
was retained (Table 1) . The GUS activity in the 21 active 
retransformants may define the requirements for efficient 
INTIR-mediated gene silencing. Activity could be due to 
several reasons, such as a complete but ineffective INTIR 
configuration or to an incomplete INTIR integration (as in 
case of the transformation assay shown above) . DNA blot 
analysis of the active retransformants showed both cases to 
occur (Fig. 3b, lanes 4-10) . 

Table 1 Retransformation with INTIR DNA results in efficient 
gene silencing 



DNA number of plants mean GUS activity* in plants 

total* silenced" % silenced active silenced % of parent 

none 47 0 0 % 217 n.a. n.a. 

PG2 40 4 10 % 225 14.2 6.5 % 

INTIRH 36 (28) 29 (25) 81 % (89 %) 307 13.8 6.4 % 

INTIRA 3B (34) 22 (22) 58 % (65 %) 245 15.8 7.2 % 

*mean GUS activities are the backtransf ormed natural 
logarithmic (i.e. geometric) means. 

'Numbers between brackets refer to the number of plants that 
received at least one intact INTIR configuration. 
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^Plants are classified * silenced' if they show less than half 
the GUS activity of the ANLGA-13 parent (i.e.<108 pmol 
MU/min./ig protein); n.a., not applicable. 

In total nine retransformants (3 INTIRH, 6 INTIRA) showed GUS 
5 activity, whereas DNA blot and genetic analysis of hygromycin 
resistance indicated the presence of an intact integration of 
the INTIR DNA. Fig. 3b (lanes 5, 8 and 10) shows the presence 
of a single full INTIR- containing DNA fragment for three 
active INTIRH retransformants; Fig 3c (lanes 5, 8 and 15) 

10 shows the presence of the two expected INTIR DNA fragments. 
This result implies that an INTIR configuration per se is not 
fully sufficient for gene silencing. Whereas the majority of 
genomic positions is generating the INTIR-mediated gene 
silencing, few positions may escape the phenomenon, possibly 

15 due to a rare position effect. 

Twelve retransformants (4 INTIRA, 8 INTIRH) received the dCaMV 
35S-GUS transgene due to an incomplete INTIR integration (Fig. 
3c, lanes 6, 7, 12, 14) . Four of these twelve (30%, all 
INTIRH retransformants) were silenced (Fig. 3c, lane 14) . 

20 Introduction of the dCaMV 35S-GUS transgene alone is 
apparently not resulting in a high silencing percentage, in 
contrast to a dCaMV 35S promoter- chalcone synthase construct 
in Petunia hybrida (Que et al . , 1997). However, the DNA blot 
analysis cannot exclude that a small part of the 3' end of the 

25 second GUS gene was transferred as well. This may be 
sufficient for gene silencing (Sijen et al . , 1996; English et 
al.,1996). For assessing the efficacy of INTIR constructs it 
is reasonable to limit the plant populations to those 
transformants that received at least one intact INTIR 

30 configuration. Analysed this way, the percentage of silencing 
ranges from 65% for INTIRA to as high as 89% for INTIRH (Table 
1) . 

This high efficiency of gene silencing observed in INTIR- 
containing plants indicates that the INTIR-conf iguration by 
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itself is in the majority of cases sufficient to trigger gene 
■silencing. The presence of a transcribed gene (pINTIRH) , or a 
matrix-associated region (pINTIRA) , as interruption of the 
inverted repeated sequence does not interfere with this 
5 triggering as long as the intact INTIR is present. This opens 
up the INTIR approach as relatively simple and hence 
attractive method to shut down expression of genes by 
homology. Further experiments will define possible constraints 
for the interrupting sequence (length, sequence content) as 

10 well as for the genes to affect by gene silencing (homology or 
transcriptional requirements, promoter strength, mRNA 
stability) , equivalent to constraints for antisense (Bourque 
et al., 1995; Matteucci et al . , 1996) and sense suppression 
(Sijen et al . , 1996; Que et al . , 1997) approaches. The high 

15 efficiency will also uncouple chromosomal position effects 
from the putative physical instability of an INTIR 
configuration, as demonstrated for a large IR in mice (Collick 
et al., 1996) or from the often observed somatic instability 
of the gene silencing phenomenon (Baulcombe D.C. , 1996; Meins 

20 et al., 1995). Data from our laboratory indicate that both DNA 
configuration and gene silencing survive meiosis in tobacco. 

Genome sequencing has amply indicated that gene redundancy is 
the rule rather than an exception, even in the highly compact 
genome of Arabidopsis thaliana. Efficient simultaneous 

25 reduction of the expression of a group of redundant genes will 
allow a first classification of the function of such a gene 
group, preceding the formal genetic proof of any assigned 
function (s) by mutation (s). Recently the 'amplicon' system 
based on viral replication was proposed for consistent gene 

30 silencing in plants (Angel 1 et al . , 1997). As INTIR 
transformation is not limited to the host range of a virus, it 
would seem to allow easier evaluation and study of gene 
silencing phenomena in plants as well as in organisms other 
than plants. Recent results in Drosophila {Pal-Bhadra et al . , 

35 1997) suggest that gene silencing may indeed belong to the 
basic repertoire of all organisms to regulate their gene 
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expression. 

To demonstrate the efficacy of the invention, several other 
INTIR configurations were introduced into tobacco ANLGA-13. 
Figure 4 shows the T-DNA configurations used. All these INTIR 
configurations were prepared in the pBinPLUS derivative pLMll, 
in which the NPTII gene is removed. Table 2 gives the number 
of transformants obtained and the number and percentage of 
silenced transformants, defined as in Table 1. In all cases, 
the percentage of silenced plants greatly outnumbers the 10% 
of the PG2 control. These populations have not been screened 
on incomplete T-DNA integrations, hence the percentage of 
INTIR-mediated GUS-gene silenced plants is likely to be even 
higher . 

Table 2. Efficient silencing of tobacco ANGLA-13 with a 
variety of INTIR constructs. See Figure 4 for the compositions 
of the various T-DNAs . 



Construct 


Number of transformed plants 






Total 


silenced 


% silenced 


INTIRFA 


31 


20 


67 


INTIRFE 


29 


17 


59 


INTIRFK 


21 


12 


57 


INTIRFO 


29 


12 


41 


INTIRFG 


40 


20 


50 


INTIRFF 


43 


35 


83 


INTIRFB 


21 


16 


76 


PG2 

(control) 


40 


4 


10 



More in particular, these examples demonstrate 

that protection of the INTIR configuration with the A 
element is feasible (INTIRFA) ; 

that the use of a weaker promoter (single CaMV35S versus 
dCaMV35S) does not make much of a difference (INTIRFE) ; 
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that a mutation that effectively abolishes the production 
of any active protein can be used as well (INTIRFK) ,- 
that a considerable deletion still is more efficient in 
generating silencing than the non INTIR control PG2 
(INTIRFO) ; 

that an outward interrupted repeat can be used as well 
(INTIRFG) ; 

that the gene can be driven by two different promoters 
(INTIRFF) . Interestingly it should be noted that the 
INTIRFF plants retained activity in the roots. The most 
likely explanation is that the Lhca3 .St . 1-GUS gene is not 
transcribed in the roots, reducing the INTIR to 
essentially a dCaMV 35S-GUS locus. This example implies 
that by playing with suitable promoters, the silencing 
can be localized to a desired part of the plant; 
that the silencing is also observed with an endogenous 
plant promoter. 

To further demonstrate the generality of the invention, the 
expression of an endogenous gene was inhibited by making an 
INTIR construct with the Arabidopsis thaliana cerl cDNA. The 
Arabidopsis cerl gene product is involved in the wax 
biosynthesis pathway; mutants display glossy green stems. The 
gene was isolated by a gene tagging approach (Aarts et al . , 
1995) . In Figure 5, the two cer- containing constructs are 
given that were used for Agrobacterium tumefaci ens-mediated 
transformation of Arabidopsis thaliana using the established 
method of vacuum infiltration (Bechtold et al . , 1993) using 
Agrobacterium strain AGLO. Hygromycin-resistant transgenic 
plants were transferred to the greenhouse and visually scored 
for the state of the wax layer. Plants that had a visibly 
affected wax layer were scored as silenced. In Figure 6, the 
obtained cer phenotype is shown. This phenotype closely 
resembles the phenotype of the known Arabidopsis cerl mutant. 
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Table 3. Efficient silencing of the CER1 gene in Arabidopsis 
thaliana wildtype with a CER1- INTIR construct. See Figure 5 
for the compositions of the two T-DNAs. 





Construct 


Number of tranformed plants 




5 




Total 


Silenced 


% silenced 


10 


INTIR- IB5 
(control) 


14 


1 


7 




INTIR- IB6 


13 


7 


54 



In Table 3, the number of transf ormants obtained and the 
number and percentage of silenced transf ormants based on 
phenotype is reported. As in the case of tobacco, the 

15 percentage of silenced plants in the INTIR-transf ormed 
population (54%) is much higher than the percentage of 
silenced plants in the control population (7%) . These 
populations have not been screened on incomplete or complex T- 
DNA integrations, hence the percentage of INTIR-mediated GUS- 

20 gene silenced plants is likely to be even higher. This result 
demonstrates that the INTIR invention is highly efficient for 
obtaining silencing of an endogenous gene. 

Methods 

Plant vectors. Plasmid pPG2 is a pBinl 9 -derivative (Mlynarova 
25 et al., 1994) that carries the single CaMV 35S promoter 
driving the E. coli GUS gene with a potato intron (Vancanneyt 
et al., 1990). The other vectors carry a doubled CaMV 35S 
promoter driving the GUS gene without intron. This dCaMV 35S- 
GUS gene as Sail - BamRI fragment from pLM9 (ANGA) (Mlynarova 
30 et al., 1995) and the nos-HYG gene as Asp718I-HindIII 
fragment from pPCV720 (Koncz, et al . , 1994) were cloned in two 
orientations in the EcoRV site of pBluescript SK+ or KS+ 
(Stratagene) . The A element was isolated from plasmid pUCBlXl 
(Mlynarova et al . , 1994). Fragments were assembled and cloned 
35 in the transformation vector pBinPLUS (Van Engelen et al . , 
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1995) by multipoint ligations using suitable restriction 
sites, and transformed into E. coli DH5c*F' . After 
verification, plasmids were introduced in E. coli S17.1 and 
conjugated to Agrobacterium tumefaciens LBA4404 by biparental 
mating (Mlynarova et al . , 1994) . 

Plant transformation. Tobacco {Nicotiana tabacum cv. Petit 
Havana SRI) leaves were transformed with A. tumefaciens as 
previously described (Mlynarova et al., 1994), with selection 
on 20 fig/ml hygromycin. In vitro shoots that rooted in the 
presence of this antibiotic were transferred to the greenhouse 
with previously described growth conditions. In the 
regeneration of ANLGA-13, no hygromycin selection was applied. 

GUS assays. GUS activity in tobacco leaves was measured by 
fluorometry using a Titertek Fluoroscan II (Flow Laboratories) 
as previously described (Mlynarova et al . , 1994). 

DNA analysis. Total DNA was isolated from leaves of six-week- 
old greenhouse-grown tobacco plants as described (Mlynarova et 
al., 1994). For DNA blot analysis, 10 fig was digested with the 
appropriate restriction enzymes, separated on 0.7-1.0 % 
agarose gels, blotted onto HyBond (Amersham) and hybridized 
with random-prime labeled probes (Amersham) , according to 
established procedures. As size and hybridization markers, 
isolated fragments were mixed with either 10 fig sheared 
salmon sperm DNA or ANGLA-13 DNA prior to gel electrophoresis. 
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CLAIMS 

1. A process for inhibiting expression of a gene or a group of 
homologous genes present in the genome of an organism, the 
process comprising introducing in said organism a nucleotide 
sequence having the following configuration: 

A - interrupt - B 

wherein A and B, which may be the same or different , are 
selected from the group consisting of said gene or one of said 
homologous genes, any part thereof comprising at least 3 0 bp, 
and any homologue thereof, 

"interrupt" is a random nucleotide sequence, and 

the transcription directions of A and B may be the same or 

opposite . 

2. A process according to claim 1, wherein the transcription 
directions of A and B are opposite. 

3. A process according to claim 1 or 2, wherein A and/or B 
comprise a foreign promoter attached to the coding sequence of 
a gene. 

4. A process according to claims 1 to 3, wherein the random 
nucleotide sequence has a length of up to 10kb. 

5. A process according to claims 1-4, wherein the organism is 
a plant . 

6. A nucleotide sequence having the following configuration: 

A - interrupt - B 



wherein A and B, which may be the same or different, are 
selected from the group consisting of a gene, any part thereof 
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comprising at least 30 bp, and any homologue thereof, 

interrupt 11 is a random nucleotide sequence, and 
the transcription directions of A and B may be the same or 
opposite . 

7. A nucleotide sequence according to claim 6, wherein the 
transcription directions of A and B are opposite. 

8. A nucleotide sequence according to claim 6 or 7, wherein A 
and/or B comprise a foreign promoter attached to the coding 
sequence of a gene. 

9. A nucleotide sequence according to claims 6 to 8, wherein 
the random nucleotide sequence has a length of up to 10 kb. 

10. A vector comprising a nucleotide sequence of any of claims 
6-9. 

11. A transgenic organism or any part thereof obtained by the 
process of claims 1-5, or comprising the nucleotide sequence 
of claims 6-9. 
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